W ith a view to ex ten d in g th e w ork on Valonia, th e cell walls of several species of Cladophora h av e been exam ined in d etail b y m eans of X -ray diffraction p h o to g rap h s a n d th e m icroscope.
Introduction
The cellulose component of the plant cell wall is now well known to consist of long chains of /?-glucose residues (Sponsler 1925-6; Meyer and Mark 1930) bound into ill-defined bundles or micelles (Hengstenberg and Mark 1928; Frey 1926) , these in turn being further aggregated into fibrils which become visible on swelling the wall with certain reagents. The mole cular chains of cellulose are clearly recognized as having definite orientation with respect to the axes of the cell, usually spiralling round the cell as in cotton (Frey 1926; Balls 1923) and some wood elements (Frey-Wyssling [ 54 ] 1930; Preston 1934), sometimes lying almost parallel to the length of an elongated cell as in ramie (pericyclic fibres of Boehemeria nivea), and some times having both types of orientation in the same wall as in No clear evidence is yet available concerning the details of wall structure at the tips of elongated cells whose walls show spiral structure. Certainly in the case of Valonia the spiral obviously closes in towards two poles located in regions which may be termed the base and tip of the vesicles, but it is as yet hardly safe to generalize this observation to cover cells of an entirely different type. Nor has any real advance been made in the problems of wall deposition. The early accepted view th a t such deposition is merely a pseudo-crystallization controlled by the layers already present would seem to be inadequate in view of our knowledge of Valonia (Preston & Astbury 1937) . Here we have a wall consisting of many layers, odd layers being built up of cellulose chains lying in one direction and even layers of chains making an angle of some 80° with the first set. Recent evidence points to the existence of a somewhat similar state of affairs in many of the cells of the higher plant (Freudenberg and D urr 1932; FreyWyssling 1935; Bailey and K err 1935; Preston 1939 a) , but much of this evidence is unsatisfactory and in some cases is definitely contradicted by X-ray examination (Preston 1934 , 1939 K undu and Preston 1940 . In Valonia, however, and in some cells of the higher plant where a similar state of affairs probably does obtain (sclerenchyma of Vinca, parenchyma of Dahlia tubers, some vessels (Preston 1939 a)), we have a definite rhythm of some kind, cellulose chains being deposited in each direction alternately. The present widespread belief in the universality of this phenomenon has led to several suggestions as to the mechanism involved (van Iterson 1936 (van Iterson , 1937 Castle 1937) which will be discussed later in this paper.
In attem pting to establish a geometrical connexion between the structure of the wall of a green alga such as Valonia and th a t of the higher plant, and at the same time obtain further evidence concerning the phenomena in volved in wall deposition and growth^ we are led first to examine those filamentous algae closely related to Valonia. Of the possible forms avail able, Cladophora was chosen for detailed study since the wall structure of its filaments can be ascertained with certainty, its method of growth has already been investigated in some detail, its growth form is intermediate between th a t of Valonia and the fibres of the higher plant, and its cells are not inconveniently small. The wall is thick and markedly stratified, and two layers (in the sense of Strasburger)* are readily visible, each consisting of many lamellae. Superficial examination indicates th a t the outer layer (0, figure 1 A) completely sheathes the whole filament and can clearly be seen uniting the two cells on each side of a cross wall (figure 1). The true nature of these walls is probably as represented in figure 1 B, although the multiplicity of lamellae in older cells obscures the real significance of the layers. The innermost wall ( i, figure 1 ) envelopes onl F ig u r e 1 individual cell of a filament possessing such an inner wall peculiar to itself. The articulated appearance thus revealed leads immediately to the idea th a t with few exceptions (as, for instance, quoted by Brand (1901) , and observed during the present work in Cladophora arcta) each cell has resulted from one division only. Such apical growth and division are clearly recognized in the literature, and have been further demonstrated in the course of the present work.
Materials and methods
Three species, all marine, were available for the present investigationCladophora prolifer a, Cl. arcta, and Cl.gracilis. The first the Stazione Zoologica at Naples, Italy, and the others were collected at Robin Hood's Bay and Filey, Yorkshire, England. Many of the laboratory observations were checked on living material, immediately after collection, in the research station at Robin H ood's Bay. In such considerations of wall structure as the present it is of fundamental importance th a t the experi mental material should be as nearly as possible in the same condition as intact plants in their native habitat, and observations of preserved material were carefully checked, whenever possible, on living specimens. All three species were kept alive in the laboratory for several months in circulated, aerated sea water contained in glass tanks, so th a t living material was available continuously. The bulk of the determinations were made on the plants immediately after their introduction to the laboratory. Even after five months, however, the condition of the cultured material was not markedly changed from th a t of the original samples, and the plants were, in fact, actively growing.
X-ray determinations were made on dried samples which were treated with n /20 HC1 to remove incrustations, washed in running water, and dried again. Each specimen consisted generally of a bundle of filaments as nearly parallel as possible taken from an appropriate p art of the plant. No further treatm ent was necessary, for such cell inclusions as are found give no obvious diffraction images.
For observation under the microscope, however, other methods m ust be employed. The closely packed chloroplasts of the living filament makes im possible detailed observation of the wall, and while plasmolysis suffices in some cases to clear those parts of a filament near a cross wall, much more drastic processes are necessary for the bulk of the tissue. Most fixing re agents cause considerable swelling of the wall, with a consequent dis turbance in wall structure. 70 % alcohol was found to be reasonably good* but the best results were obtained with picric acid fixatives. Specimens were therefore fixed both in alcohol and in a mixture of equal parts of absolute alcohol and a |t h saturated solution of picric acid in sea water. Fresh material was immersed in this latter solution for 2-3 hr. and then washed in running water. A brown granular deposit in the cells was re moved by immersion in sodium hypochlorite solution (1 % available chlorine) for several hours. Immediately after this treatm ent, the wall was quite un swollen and the cell contents were sufficiently transparent to allow ready observation of details of wall structure. Too prolonged immersion in any of these reagents caused slight, progressive swelling so th a t critical determinations could be made only within 24 hours after treatm ent. Simple drying, followed by wetting out in distilled water, was also found to be a suitable procedure, though here again treatm ent with hypochlorite was essential. Observation near cross walls on this material could be checked by plasmolysis of living material, and while in general no such check could be made for the rest of the wall surface, occasional degenerated cells (free of contents) in an otherwise fresh and living filament lead us to expect no marked disturbance of wall structure on preserving.
The three species used are easily differentiated by morphological dif ferences. In Cladophora prolifera the thallus is freely branched wit quently a single internodal cell, the branches themselves consisting of no more than two cells. In
Cl. arcta branching is less frequent many cells occur between one node and the next, and the branches contain from one to ten cells or more. Cl. gracilis is characterized by well marked secund branching, and the cells in both these latter species are much smaller than are those of Cl. prolifera.
Microchemistry
Present knowledge of the chemical composition of the wall of Cladophora, in common w ith the bulk of the Chlorophyceae, leaves much to be desired. A complete treatm ent of this aspect of wall structure lies outside the scope of the present paper, but such observations as have been made during the course of the work may be of interest. The wall is definitely cellulosic in nature, although positive staining reaction for cellulose is often obtained only with difficulty, as already mentioned by Brand (1908) . The wall swells readily in 70 % sulphuric acid, only slightly with zinc chloride, and not at all with Schweizer's reagent acting on the untreated wall. Only after the (fairly drastic) treatm ent necessary to obtain the chitin test (see below) does the wall swell, and finally dissolve, in this last reagent. I t is par ticularly interesting th at, although fresh material thus fails to swell in Schweizer's reagent, cellulose is completely removed (p. 61) . This some what anomalous behaviour may perhaps be due to the presence of some non-swelling component in the wall, ensheathing the micelles. The difficulty of obtaining staining reactions for cellulose is in harmony with this view, which also recalls the condition in the higher plant as interpreted by some workers (e.g. the connexion between cellulose and lignin (Freudenberg and D urr 1932; Bailey and K err 1935; Frey-Wyssling 1935) an(f the system of Ludtke (1932)). Swelling reagents would then cause high internal pressures which would force dissolved substances through minute fissures in the non-swelling layers. No swelling as a whole would be visible.
The nature of this non-swelling component is rather obscure. According to Mirande considerable quantities of pectin are to be found, a property which is apparently rather common among the Siphonales (Fritsch 1935) , and callose is often present. Perhaps the most striking observations are those of Tiffany (1924) and W urdach (1923) , who describe the outer layers of the wall as chitinous in nature in spite of the earlier failure of von W ettstein to detect chitin. The presence of this substance in an otherwise cellulosic wall, which has been abundantly verified during the course of the present research, is clearly of fundamental importance in the relation of cell metabolism and wall deposition. Prior to these later observations the work of Brand (1908) had already suggested the presence of substances with considerable swelling reactions to comparatively mild reagents. A separa tion of the outer lamella, for instance, could be effected by dilute acetic acid, resulting in a series of 'balloons'. Brand describes this phenomenon as unique among green algae, though it now recalls similar swelling be haviour emphasized in recent times by many workers in certain cells of the higher plant.
W ith regard to the presence of pectin and the so-called callose, staining reactions show both to be present (ruthenium red or methylene blue for pectin, and picrannil in 4 % sodium carbonate for callose), for the wall stains deeply while controls of pure cellulose (cotton-wool and filter paper) remain unaffected or only slightly stained. Y et treatm ent appropriate for the removal of these substances has little or no effect on the staining pro perties of the wall. Thus the walls of all three species stain deeply in picrannil even after 4 days' immersion in 1 % KOH, whereas callose is re moved from control sections of Cucurbita phloem in a few minutes. A similar treatm ent in 4 % KOH reduces the depth of stain, under con trolled conditions, in the case of Cladophora prolifer a. Again, the walls stain equally well for pectin before and after treatm ent with alcoholic HC1 followed by 0-5 % ammonium oxalate, or with alternate acid and alkali. Undoubtedly the wall contains some non-cellulosic and non-chitinous sub stance in considerable amount, but the unreliability of staining reactions render it difficult to determine its precise nature. The evidence would seem to point to the presence of polyuronides (a group which includes the pectins), particularly since they are known to be present in other algae (e.g. polyglucuronic acid in Fucus serratus).
The microchemical test for chitin gives rather more positive results, though even here staining reactions often fail. To obtain a good chitin reaction, the material is preferably heated in sealed glass tubes with glycerine to 300° C for a few minutes, and then under similar conditions with 60 % KOH to 180° C for 20 min. The outer layers, particularly of the wall, are then commonly stained a deep violet in the presence of aqueous iodine and dilute sulphuric acid. This is in harmony with the results of Tiffany and W urdach, and agrees w ith the results of X-ray analysis.
The molecular structure of the w at.t,
The principles underlying the investigation of the fine structure of the Cladophora wall resemble in their main features those used by the present writers (1937) in the case of the allied genus Valonia, except for slight variations in technique on account of the different growth form. Again the chief structural constituent is cellulose, and it is with the organization of this component th a t we are chiefly concerned here. The terms and concepts used in considering such organization have already been discussed for Valonia, but it may perhaps be emphasized th a t the terms 'micelle' and 'fibril', wherever employed in the present paper, imply regions of more perfect orientation rather than discrete morphological entities.
In view of the fact th a t photographs of compound specimens may be misleading (though there is reason to believe th a t this is not a serious m atter here, see p. 61), it is preferable to present first the diagram given by a single piece of wall, then diagrams given by bundles of filaments.
The internodal cells of Cladophora prolifer a were found eminently suit able, on account of their relatively large size, for the investigation of single walls. A median portion, some 2 mm. in length and in the form of a short hollow cylinder, was removed from a cell and slit open longitudinally. When m ounted in w ater on a microscope slide, gentle manipulation of a cover-glass sufficed to roll out the cylinder into a flat plate. This piece of wall contained, of course, both inner and outer layers. Its X-ray photo graph (figure 2, plate 4) bears a striking resemblance to th a t given by the Valonia wall (Preston and A stbury 1937, figure 9, plate 2). Here again we find two sets of cellulose chains crossed a t an angle of some 80° and parallel to two sets of striations visible in the wall (figure 3, plate 4). Moreover, as in Valonia, the 6d A arc is missing. The planes of 6T A spacing must there fore in this case also tend to lie parallel to the wall surface.
Turning now to the photographs given by bundles of filaments, we need consider only Cladophora prolifera, since the other species give essentially similar photographs; and it is proposed to confine our attention to the tips of filaments., because here the striation directions vary only slightly from one filament to another and interpretation is therefore less liable to error. In the photographs shown (figures 4-7, plate 4), the m ajority of the stronger arcs are those of cellulose, and they disappear after treatm ent of the material with Schweizer's reagent, leaving certain spots typical of chitin. This chitin pattern is to be referred to the wall itself and not to epiphytes upon it, since small pieces of wall free from epiphytes (as ob served under the microscope) nevertheless yield good chitin photographs after prolonged exposure.
The conditions under which the photographs were taken may be de scribed first before proceeding to the interpretation. In figure 4 , plate 4, the filaments were placed a t right angles to the X -ray beam and their length corresponds to the shorter edge of the page. W ith the beam parallel to the length of the filaments, the diagram obtained is as in figure 5 , plate 4. In both these experiments the cells retained their natural cylindrical form. I t is, however, in many ways an advantage to use also material which has been flattened, and the photographs from such speci mens are presented in figures 6 and 7, plate 4; in figure 6 the beam is per pendicular, and in figure 6 parallel, to the flattened face. In both cases the length of the filaments again corresponds to the shorter edge of the page. Flattening unfortunately produces some angular dispersion among the (previously parallel) filaments, an effect which is quite marked in figure 6, plate 4. As a check, therefore, a photograph was obtained under similar conditions of a single flattened cell.
These diagrams are readily interpreted on the basis of the structure of the wall just indicated. In parts of the filaments near the apices of Cl. one set of chains forms a rather steep spiral while the other runs very flat, almost in transverse rings. We may therefore assume for the purposes of argument th at the cellulose chains are arranged as in figure 8 a. Now it is known th a t four characteristic spacings in cellulose are oriented with re spect to the chain direction as in the figure, and with the X-ray beam parallel to the length of the filament these spacings will appear as in figure 8 6. For reasons which need not be discussed here the planes of 10-3 A spacing are never recorded as such in the diagram of cellulose and need not be considered. The 6T, 5-4 and 3*9 reflexions are usually very obvious, however, with increasing intensity in th a t order. In figure 5 , plate 4, therefore, we should expect an intense 3*9 circle in the photograph. On the other hand we may also expect the intensity of the 6* 1 reflexion to be greater than th a t of the 5-4, since the former planes can reflect in both sets of chains while the latter is represented only in the steeper set. This is in complete qualitative agreement with the photograph, in which the in tense outer ring represents the 3-9 planes, the inner ring the 6-1 and the less intense ring immediately outside this latter the 5*4.
Similarly, figure 4, plate 4, is readily interpreted in terms of figure 8 a. Along the horizontal line the 6-1 arc is missing, since in both sets of cellu lose chains this spacing lies perpendicular to the wall surface. Along the vertical line, however, both 5*4 and 6*1 arcs are plainly visible, the former being reflected from position BB (figure 8 a) in each c A A . Along this line the 6-1 is the more intense arc, since it alone is reflected from both sets of chains. The 3-9 arcs appear as a complete ring for reasons which are clear from a consideration of the case of flattened filaments.
The use of flattened filaments permits us to make a much stricter com parison between photographs of a single wall and those of whole filaments. From figure 8 a it is seen th a t a single flattened cell may be represented diagrammatically by figure 8 c. This figure explains at once the photograph obtained: there is no need to reproduce it here, as it is so like th a t given by a single wall (figure 2, plate 4)-the difference lies in diffraction effects due to the folding a t the edge of the cell. The photograph of a bundle of flattened filaments is shown in figure 6 , plate 4. In this figure the arcs are drawn out into circles because of an unavoidable angular dispersion in the specimen. The photograph presented in figure 7, plate 4, is also readily intelligible along similar lines. I t resembles very closely the photograph of Valonia with the beam parallel to one set of chains (Preston and Astbury 1937, figure 10, plate 2), and here again leads to the conclusion th a t 'the normal to the plane of spacing 6-1 A is confined to about 60° on either side of the normal to the wall surface' ( V , Preston and p. 91).
Thus X -ray analysis of the wall, both of single pieces and of bundles of filaments, demonstrates th a t the wall of Cladophora, like th a t of Valonia, consists of two sets of cellulose chains crossing each other very roughly at right angles. Further, the directions of these chains is indubitably reflected in those of the striations visible under the microscope, both sets of which are in turn visible in both inner and outer layers. In spite of the different growth forms of the two genera, the structures of isolated pieces of wall are almost identical as far as the cellulose component is concerned, though it is difficult to believe th a t growth form is so independent of wall structure as this might lead us to assume. In point of fact, the similarity of isolated pieces of wall is no guarantee of similarity in the cells as a whole, for the orientation of the isolated piece in the whole wall surface is also of im portance ; and in general a study of the wall structure of whole filaments of Cladophora establishes without doubt an orientation of the chains with respect to the cell axes significantly different from th a t in Valonia.
Microscopic features of the wall
The presence of crossed striations in the Cladophora wall has been de tected by many workers (e.g. Brand 1906). The general opinion seems to be th at the lamellae alternate in striation direction, and with this we are in complete agreement. The appearance on the wall of striations coinciding in direction with the cellulose chains is particularly fortunate. I t is not possible at the moment in dealing with filamentous algae to survey the 64 W. T. Astbury and R. D. Preston structure of a whole filament by an X -ray method, but observation under the microscope can be used to advantage, particularly since the size of the filaments permits a comprehensive series of determinations without the uncertainty resulting from dissection. The filaments used were observed in water, and the drawings reproduced below were made with the aid of a camera obscura. For clearness of detail these drawings were later con ventionalized, with no change of scale, the angles of branching being made more regular and much larger. The striations apparently represent real structural discontinuities in the wall substance. When tension is exerted on a filament so th a t it breaks in two, the wall lamellae with the steeper stria tions appear to break first. As the two pieces of filament are then moved apart, fibrils 'unw ind' from the layers built from the flatter spiral, and both ends rotate rapidly. The separation of the two pieces may go on over considerable distances, leaving a continuous strand of fibrils (figure 9, plate 4).
The visibility of the striations varies considerably even in different cells of the same filament. Although often due to the presence of opaque granules in the fixed and cleared cytoplasm, this variability is frequently to be explained only by some change in the wall itself; yet failure to ob serve striations of any kind is always to be ascribed to the presence of opaque material. On the other hand, striations are always lacking on cross-walls, and are detected with difficulty at the extreme tips of apical cells. Undoubtedly, the pronounced hemispherical curvature of the tip of an apical cell, involving as it does extreme accuracy in focussing, explains in p art the failure to detect both sets of striations in this region, where up to the present only the longitudinal set has been clearly observed. The rest of the filament shows both striations running as uninterrupted spirals round the cells and the filaments as a whole, one set following a moderately flat and the other a steep spiral of opposite sign. Occasionally the two spirals, still of opposite sign, have almost the same inclination. Under the polarizing microscope, the younger cells (three or four behind the tip) are isotropic, or only feebly anisotropic, and uniformly so ; whereas older cells almost invariably show small mosaic areas, similar to those noted for Valonia (Preston 1931) , except th a t they frequently tend to take the form of trans verse bands-a fact which may be of considerable interest. It is further significant th a t the steeper set of striations is always the more readily visible, although the uniformly feeble anisotropy of younger cells would point to almost equal proportions of the two sets of chains.
A survey of the wall structure of the whole filament brings out several facts of importance for a consideration of the growth processes of the plant.
In only one species, Cl. prolifera,does the striation direction of a any obvious correlation with its position in the filament. Here, although the inclination of both spirals varies from point to point in a cell, there is a general tendency for the steep spiral to be steeper the nearer the cell is to the tip of the filament. This will be clear from figure 10 
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such generalization can be made with either of the other species, though the variations in inclination within a single cell are perhaps sufficiently uniform to have some significance. Xhe rule seems to be th a t whenever considerable changes in inclination of the striations occur, the steeper spiral is steepest a t the end of a cell nearer the tip ol a filament, an eas steep towards the middle or, more often, the other end of th a t cell. The con dition of the flatter spiral is always the reverse-flatter nearer the tip.
Here again these conditions are more marked in Cl.
in which few exceptions occur. I t is, in fact, a striking property of this species th a t the striations of the steep spiral generally become approximately parallel to the long axis of the cell immediately below a cross wall. In this species also, the tip cells are peculiar in th a t one set of striations is usually parallel to the whole length of the cell, and this is a very common feature. The possi bility of a connection between these extreme manifestations in Cl. prolifera and the frequent branching is sufficiently obvious to need little emphasis.
Variations of the same kind may be observed in both collections of Cl. arcta (although their growth forms are slightly different), where, however, more frequent exceptions occur ( figure 11 and table 2) . B ut a phenomenon becomes apparent in this species which is masked by the change in striation direction observed in Cl. prolifera. A considerable change is usually ob served on the outer layer of the wall, enclosing the whole filament, a t points where cross walls have been laid down. At these positions, the striations of the steeper spiral become oriented approximately parallel to the length of the filament. Only this one set of striations can commonly be observed here, the presence of the second set being masked by the coarser lamellation of the underlying cross wall. Both sets, however, are evident in Cladophora gracilis (which for the reason given below does not show the phenomenon mentioned above), in some of the preserved material of which the (double) cross walls have pulled apart, leaving the outer layer free for observation ( figure 12, plate 4) . This outer layer clearly possesses both sets of striations, although the preponderance of the steep set over the less steep would appear to be greater here than in the whole wall thickness.
The behaviour of the flatter spiral is, in general, the reverse of the steeper. When the latter becomes steeper the former commonly becomes flatter. This promises to be a point of extreme importance in future discussions of wall deposition and growth, and it seems worth while to enlarge upon it a little. The observations refer primarily to Cladophora prolifera and Cl. arcta, since in Cl. gracilis we have a situation similar to th a t experienced with Valonia-one of the sets of striations is nearly always parallel, and the other perpendicular, to the cell axis. In the two first-mentioned species, it is possible to establish a correlation between the inclination of the two spirals, measured from the longitudinal axis of the cell. Taking both inclinations as positive, the correlation coefficients, calculated from tables 1 and 2 are as follows:
Cladophora prolifera -0-59 Cladophora arcta (Filey) -0-55 Cladophora arcta (R .H .B .) -0*68 
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In clin atio n In ter-stria tio n angle Interpretations, in absolute terms, of isolated correlation coefficients is, of course, always somewhat uncertain. The figures are considerably greater than zero, however, and we may tentatively suggest th a t the two sets of striations do show the kind of variation outlined above. In other words, the two sets so adjust themselves th a t the angle between them tends to remain constant, though environmental conditions limit the effectiveness of the adjusting mechanism. I t may be further significant th a t for all specimens observed the average angle of representative samples is about 83°-the same figure as th a t recorded for Valonia-and th a t this angle is definitely less than a right angle. This fact cannot be over-emphasized in view of the increasing prevalence of certain hypotheses regarding problems of wall deposition, to be discussed later in this paper. W hether the precise value of the interstriation angle has any significance is not clear, especially since the figures from certain cells of the higher plant are considerably less than 83° (Preston 1939 a) .
That the portion of the wall immediately below a cross wall is in some way different from the rest is suggested by purely morphological con siderations. I t is from this p art only of the wall th a t branches arise, and this region alone is responsible for the emission of zoospores (Brand 1901) . By analogy with other filamentous algae one may, in fact, conclude th a t this is the only region of the wall which continues to elongate appreciably after the cell is cut off from the growing tip. This fact is wrell recognized in the literature (e.g. Brand 1901) and may readily be demonstrated by the method used by Noll (1887) for Caulerpa and other sipho In this method, living material is immersed for a short time in ferric chloride solution and then transferred to potassium ferrocyanide. A deposit of Prussian blue is thus produced in the wall which, if t carefully performed, does not impair cell activities. W ith solu tions consisting of one part of 3 % FeCl3 solution to one p art of sea water, and an equal strength of K 4Fe(CN)6, were found to produce a deep coloration in the wall. On replacing the plant in the culture tank, after a brief washing in sea water, the colour rapidly disappeared, and even after 8 weeks the plants differed in no way from the untreated controls. One week after staining, part of the treated plants was removed and the colour developed with acidulated ferrocyanide. Only at the tips did the wall appear un coloured, so th a t only in this region had any new wall substance been de veloped (dead plants remain coloured to the very tips). In successive weeks, as the tip cell elongated, the uncoloured zone spread until about one-half of the tip cell appeared uncoloured at the end of 4 weeks. Simultaneously, a slow progressive weakening of the colour of the upper part of the walls wall in some species of Cladophora 69 of the second and third cell from the tip ( and b in figure 1 ) was observed, together with an occasional weakening a t localized regions in older cells. Only in such regions as show this gradual disappearance of colour may we assume with certainty th a t the wall is increasing in area. The nature of the wall at the growing tip is clearly of paramount im portance in a discussion of the growth of The evidence has been seen to point to a comparative lack of transverse striations a t the growing tip, though this flatter set is everywhere the less easily visible and therefore, as already pointed out, failure to observe striations in these regions is no proof of their absence. Evidence of an indirect nature does, in fact, point to the presence of both sets a t the apex. Both sets of striations are readily visible in the lower portions of the apical cell, and the wall layers in this region are observed to pass completely round the tip itself. Further, under the polarizing microscope the alternation of light and dark lamellae caused by the alteration in chain direction is as obvious at the tip as in the rest of the wall. In view of the unlikelihood of any abrupt change in chain direc tion in a single layer (for those regions showing both striations were origin ally p art of a tip), the conclusion seems inevitable th a t the tip is indeed clothed with layers having both sets of cellulose chains. This view is further supported by the fact th a t the whole of the wall of a tip cell is isotropic in face view, whereas we should expect pronounced anisotropy if one set of chains were absent.
B ranching
The structure of the wall of Cladophora thus outline been pointed out, only to cells free from branches or, if branched, to those parts of the wall sufficiently removed from the branching region. I t is to be expected th a t the presence of a branch will cause some modification of wall structure, and such is indeed the case. The phenomena involved in the de velopment of a branch have received some attention a t the hands of Rosenvinge (1892), Nordhausen (1900), and Brand (1901) , but the effect on the fine structure of the wall has been largely overlooked.
I t is characteristic of Cladophora th a t branches are em itted only from the upper end of a cell. They are first evidenced as slight lateral swellings in the second or third cell from the tip, which rapidly develop, apparently through the agency of a secondary growing apex, into an elongated structure closely resembling the apical cell of the parent filament. The proximity of a branch causes some modification of wall structure in the parent cell.
The three species used here are essentially similar in this respect, and it will be sufficient to discuss only the simplest (Cl. gracilis) in any detail. Observation of young branch initials and of the point of union with the mother cell is peculiarly difficult, since a t these regions considerable masses of opaque granules occur in fixed material. The transverse striations are extremely difficult, and often impossible, to detect, and even the more obvious longitudinal set frequently becomes obscured. The following ob servations were made on the comparatively few branch regions which were sufficiently free from these defects, and on those from which the granules could be removed without serious damage to the wall.
A young branch initial appears as in figure 13 . The longitudinal striations bend towards the initial exactly as would parallel lines ruled on an origi nally cylindrical balloon manufactured so as to inflate laterally near one end, and the transverse striations clearly pass over in the manner indicated. At a somewhat later stage the striations of an outer lamella may still be seen surrounding the branch initial taking the form indicated in figure 14 . The longitudinal striations on the parent cell become the transverse set of the branch, and the transverse set becomes the longitudinal. This condition clearly results from the continuation of the mechanical factors which played a part in the origin of the branch, and is maintained in this outer layer without serious modification (see below).
In older branches, however, the newly deposited inner lamellae show an essentially different configuration. Here the longitudinal striations pass over gradually from the parent cell to the branch; and although the trans-verse striations are difficult to observe a t the base of the branch itself, the run of these striations a t the point of branching suggests th a t they are de rived from the corresponding set in the parent cell ( figure 15 ). On the other hand, some of the longitudinal striations on the upper part of the branch certainly link up with the transverse striations of the parent. At this time, careful observation reveals th a t an outer lamella as in figure 14 is still intact. This state of affairs persists until the branch cell has become so elongated th a t in the outer lamellae even only a short way from the node, no connec tion can be traced between the longitudinal striations of the branch cell and the transverse set of the parent. The latter can be traced to A (figure 14) and cease th e re : the striations further along the branch, a t the same focus, are still longitudinal but are connected with the longitudinal striations of the parent cell. The rapid elongation of the branch initial has thus involved an attenuation or even a complete fracture of the outer lamellae consti tuting the outer layer of the wall. T hat such fractures do occur is suggested by observation on living material placed in distilled water. The filament develops a turgor pressure sufficient to burst open some of the cells. Commonly the second, third, or fourth cell from the tip expands most rapidly and pushes the cells before it out of the filament. Although the external surface of the cells thus extruded is quite smooth, a delicate cylindrical protuberance is always observed connected to the remainder of the filament and continuous with the outer lamella clothing the tip. It gives some indication of the usual cellulose test (though the colour is violet rather than blue), but shows no striations and is optically isotropic in face view. Failure to observe striations is doubtless due to its extreme tenuity. That growth processes are also involved is evidenced by the fact th a t the original transverse striations of the branch cell (originating from the longi tudinal set of the parent) show no tendency to become longitudinal as they would inevitably do by purely mechanical extension. The tip of a branch initial does, in fact, early assume the characteristics of a typical apical growing point.
W. T. Astbury and R. D. Preston
The sequence of events in the other species is essentially the same except th a t we have here, especially in the case of Cladophora the compli cation th a t the lower half of the branch cell often becomes spiral (figure 10).
D iscussion
Thus once again we meet, in these lower forms, the spiral organization which is so common a feature in plants. The conclusion is unavoidable th a t this prevalence of spiral structure reflects some underlying vital principle th a t is common to the whole of the plant kingdom. At the same time, spiral structure is encountered so frequently, and in so many and diverse types of material, as to imply a multiplicity of causal mechanisms. The geometrical principles underlying such structures are undoubtedly similar everywhere, though the precise manner in which they come to be applied probably varies; but wherever, as in the present case, modifications occur, we may be sure th a t they are intim ately associated with corresponding changes in the physical and chemical factors conditioning growth-th a t wall structure is, in fact, influenced by growth form. That the converse is true during some phase of development is also to be remembered. For in stance, an elongated cell with a single spiral winding will continue, under suitable conditions, to increase in length rather than in diameter-wall structure conditions growth. Simultaneously, this elongation may cause a steepening of the spiral-growth conditioning wall structure.
Continuing this line of argument, it should be possible eventually to trace a specific connexion between the growth processes of a cell and its particular wall structure at any moment. An attem pt to establish such a connexion will preferably commence with an examination of young material, and this is perhaps particularly true in the filamentous algae. At present, however, such material is not available in these laboratories, so th a t it seems un profitable to indulge in any detailed speculation just now. Yet even in this work on w hat may be term ed the " a d u lt" material we may glimpse, very hazily it is true, the general outline of the processes a t work on the wall during cell development. The facts may be summarized very briefly. Passing from the base of a plant to the tip of the filament, where the walls have, effect, undergone more elongation, we observe quite generally a gradual straightening out of one spiral in the wall. In individual cells, this same spiral is steeper nearer the tip end of the cell, again in a region which is more elongated. Certainly there are exceptions, particularly to the latter rule; bu t it is not im possible th a t anomalous local steepening goes hand in hand with anomalous elongation, and in any case these exceptions should not be allowed to ob scure the main principle. Elongation could therefore be postulated as the direct causative factor for this aspect of the observed effects. This "would bring Cladophora into line with cells in the higher plant, where similar pro cesses are a t work (Preston 1934 (Preston , 1938 (Preston , 1939 . Now the hydrostatic pressure inside the cells of Cladophora is considerable, and it is surely sig nificant th a t almost invariably this pressure is greater in the second cell than elsewhere in a filam ent; for it is in this particular cell th a t the bulk of the extension occurs after the first division. I t might therefore be reason ably inferred th a t internal pressure, leading to elongation of the spirally wound wall, is responsible for the progressive steepening of one spiral. The same process is also undoubtedly at work in steepening this spiral in the region where a transverse wall occurs (p. 67). The converse behaviour of the second spiral would also appear to receive explanation along these lines, for we have seen th a t the mechanism of wall deposition, presumably protoplasmic as already suggested for (Preston and Astbury 1937), involves a periodic change, through a definite angle, in the direction of cellulose chains. Thus, wherever one spiral be comes steeper, the other must become flatter. There must of course, during further elongation, be some slight readjustm ent in the expanding layers already present, and this may account for the observed variation in the interstriation angle; but once a cell has ceased to elongate, the continuity of the protoplasmic mechanism will maintain this angle at its constant value in subsequent layers. The process of elongation may also bring about this converse behaviour of the second spiral in a different way. Continuous elongation of the filament tip, especially under the influence of internal pressure, seems to involve rotation of the tip, and, in fact, rotation has been observed. I t would tend inevitably to steepen one spiral and flatten the other.
The authors wish to express their indebtedness to Professor Dohrn of the Stazione Zoologica, Naples, who provided the specimens of Cladophora prolifer a.
Structure of the cell wall in some species of Cladophora 75 D escription of plate 4 F ig u re 2. X -ra y p h o to g rap h of a single piece of a wall of prolifera. The X -ra y beam is norm al to th e surface.
F ig u re 3. P h o to m icro g rap h of th e piece o f wall used in obtaining figure 2. Notice th e tw o sets of stria tio n s w hich are p erp endicular to th e tw o rows of diffraction spots in figure 2.
F ig u re 4. X -ra y p h o to g rap h o f a b undle of filam ents w ith th e X -ray beam p e r pendicular to th e ir lengths.
F ig u r e 5. X -ra y p h o to g ra p h of a bun d le of filam ents w ith th e X -ray beam parallel to th eir length.
F ig u r e 6. X -ra y p h o to g ra p h o f a flatten ed bundle of filam ents w ith th e X -ray beam p erpendicular to th e flatten ed face.
F ig u r e 7. As in figure 6, except th a t th e beam is parallel to th e flattened face and p erpendicular to th e len g th of th e filam ents.
I n figures 4, 6 a n d 7 th e bundle of filam ents lies parallel to th e sh o rter edge of th e page.
F ig u r e 9. A filam ent of Cladophora arcta b roken by longitudinal tension. A fine stra n d can be seen still u n itin g th e tw o halves o f th e filam ent. This has been " u n w o u n d " from th e layers w ith th e less steep striations. 
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